Succession of bacterial community structure and potential significances along the sediment core spanning approximately 20 megaannum years in the South China Sea by 梁攀
 学校编码: 10384                                             密级       













Succession of bacterial community structure and potential 
significances along the sediment core spanning 
approximately 20 megaannum years in the South China Sea 
 
梁攀 
指导教师姓名：张瑶  教授 
专  业 名 称：海洋生物学 
 论文提交日期：2017 年 05 月 
 论文答辩时间：2017 年 05 月 
 




















另外，该学位论文为（                            ）课题（组）
的研究成果，获得（               ）课题(组)经费或实验室的资




            声明人(签名):  






















（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于    年    月    日解密，解密后适用上述授权。 






                           声明人（签名）:  
















摘要 ............................................................................................................ I 
Abstract .................................................................................................. III 
缩略词表 ................................................................................................... V 
第一章 绪论 .............................................................................................. 1 
1.1 深海沉积物的来源 ......................................................................................... 1 
1.2 深海沉积物中微生物的研究概况 ................................................................. 2 
1.2.1 深海沉积物中的微生物群落结构 ........................................................ 2 
1.2.2 深海沉积物中微生物的垂直分布 ........................................................ 2 
1.2.3 深海沉积物中微生物的区域分布 ........................................................ 3 
1.2.4 深海沉积物中微生物的研究意义 ........................................................ 4 
1.3 深海钻探项目的发展 ..................................................................................... 5 
1.4 南海地质环境概括 ......................................................................................... 7 
1.5 本论文的设计与研究意义 ............................................................................. 7 
第二章 近 2 千万年以来的南海沉积柱细菌群落结构演替 ................ 9 
2.1 前言 ................................................................................................................. 9 
2.2 材料与方法 ................................................................................................... 10 
2.2.1 航次介绍和样品采集 ......................................................................... 10 
2.2.2 DNA 提取，PCR 和 MiSeq 测序 ....................................................... 12 
2.2.3 序列分析 ............................................................................................. 17 
2.2.4 统计分析 ............................................................................................. 17 
2.2.5 定量 PCR ............................................................................................ 18 
2.3 实验结果与讨论 ........................................................................................... 19 
2.3.1 污染控制 ............................................................................................. 19 
2.3.2 细菌群落的垂直分布 ......................................................................... 21 
2.3.3 细菌群落的多样性分析 ..................................................................... 22 















2.3.5 影响深度细菌群落组成变化的关键因素 ......................................... 32 
2.4 本章节小结 ................................................................................................... 34 
第三章 一株南海新种的鉴定 ............................................................... 35 
3.1 前言 ............................................................................................................... 35 
3.2 材料与方法 ................................................................................................... 36 
3.2.1 菌株来源及培养基 ............................................................................. 36 
3.2.2 鉴定方法 ............................................................................................. 36 
3.2.2.1 菌落及细胞形态 ........................................................................ 36 
3.2.2.2 实验菌株形态特征鉴定 ............................................................ 37 
3.2.2.3 实验菌株生理生化特性鉴定 .................................................... 37 
3.2.2.4 实验菌株呼吸醌测定 ................................................................ 39 
3.2.2.5 实验菌株 DNA 提取、G+C %测定及 DNA 杂交 .................. 39 
3.2.2.6 菌体脂肪酸含量分析 ................................................................ 40 
3.2.2.7 细胞极性脂的测定 .................................................................... 41 
3.2.2.8 16S rRNA 基因和系统发育分析 .............................................. 41 
3.3 实验结果与讨论 ........................................................................................... 41 
3.3.1 菌落及菌体形态 ................................................................................. 41 
3.3.2 生长特性 ............................................................................................. 42 
3.3.3 菌株 API ZYM、 API 20E、 API 20NE 以及 Biolog 快速鉴定结果
分析 ............................................................................................................... 44 
3.3.4 JL3085
T
 的化学特性鉴定 .................................................................. 47 
3.3.4.1 菌体细胞脂肪酸分析 ................................................................ 47 
3.3.4.2 极性脂 ........................................................................................ 48 
3.3.4.3 呼吸醌 ........................................................................................ 51 
3.3.4.4 细胞基因组 DNA 的 G+C mol%和杂交结果.......................... 51 
3.3.4.5 16S rRNA 基因序列分析 .......................................................... 52 
3.3.5 鉴定总结 ............................................................................................. 53 
3.3.5.1 对比分析总结 ............................................................................ 53 















3.4 本章节小结 ................................................................................................... 55 
第四章 本论文的主要结论、创新点、不足与展望........................... 56 
4.1 本研究的主要结论 ....................................................................................... 56 
4.2 创新点 ........................................................................................................... 56 
4.3 不足之处 ....................................................................................................... 56 
4.4 研究展望 ....................................................................................................... 57 
参考文献 ................................................................................................. 58 
硕士期间已发表和撰写的学术论文 ..................................................... 68 
















Abstract in chinese.................................................................................... I 
Abstract in english ................................................................................. III 
Abbreviations ........................................................................................... V 
Chapter 1 Review ..................................................................................... 1 
1.1 Deep sea sediments and their sources ........................................................... 1 
1.2 Overview of microbes in sediments .............................................................. 2 
1.2.1 Brief introduction of microbial structuring in sediments ....................... 2 
1.2.2 Vertical distribution of microbes in sediments ....................................... 2 
1.2.3 The major sub-seafloor biosphere habitats ............................................ 3 
1.2.4 Research significance of microbial structuring in sediments ................ 4 
1.3 Brief introduction of IODP ........................................................................... 5 
1.4 Introduction of the South China Sea ............................................................ 7 
1.5 Design of this thesis and research significance ............................................ 7 
Chapter 2 Succession of bacterial community structure and potential 
significances along the sediment core in the South China Sea ............ 9 
2.1 Introduction .................................................................................................... 9 
2.2 Materials and methods ................................................................................ 10 
2.2.1 Site description and sampling .............................................................. 12 
2.2.2 DNA extraction, PCR, and sequencing ................................................ 17 
2.2.3 Sequence processing ............................................................................ 17 
2.2.4 Statistical analysis ................................................................................ 18 
2.2.5 Quantitative PCR targeting bacterial 16S rRNA gene ......................... 19 
2.3 Results and discussion.................................................................................. 19 
2.3.1 Contamination testing .......................................................................... 19 
2.3.2 Bacterial vertical distribution ............................................................... 21 















2.3.4 Variation in bacterial community composition across depths .............. 25 
2.3.5 Key factors that explain bacterial community composition variation 
across depths ................................................................................................. 32 
2.4 Conclusions ................................................................................................... 34 
Chapter 3 Characterization of a novel bacterium isolated from the 
South China Sea ..................................................................................... 35 
3.1 Introduction .................................................................................................. 35 
3.2 Materials and methods ................................................................................ 36 
3.2.1 Origin and cultivation of the isolated bacterium .................................. 36 
3.2.2 Identification method ........................................................................... 36 
3.2.2.1 Colony and cell morphology ....................................................... 36 
3.2.2.2 Methods for phenotypic characterization .................................... 37 
3.2.2.3 Methods for biochemical characterization .................................. 37 
3.2.2.4 Methods for respiratory quinones analysis ................................. 39 
3.2.2.5 Methods for DNA extraction、G+C content, and DNA-DNA 
hybridization ........................................................................................... 39 
3.2.2.6 Methods for cellular fatty acids analysis .................................... 40 
3.2.2.7 Methods for polar lipids analysis ................................................ 41 
3.2.2.8 Methods for 16S rRNA phylogenetic analysis ............................ 41 
3.3 Results and discussion.................................................................................. 41 
3.3.1 Cell morphology characterization of JL3085T .................................... 41 
3.3.2 Growth characterization of JL3085
T
 .................................................... 42 
3.3.3 API ZYM, API 20E and API 20NE rapid identification results .......... 44 
3.3.4 Chemical characterization of JL3085T ................................................ 47 
3.3.4.1 Cellular fatty acids analysis ........................................................ 47 
3.3.4.2 Polar lipids analysis .................................................................... 48 
3.3.4.3 Respiratory quinones analysis ..................................................... 51 
3.3.4.4 G+C content, and DNA-DNA hybridization results ................... 51 















3.3.5 Identification summary ........................................................................ 53 
3.3.5.1 Differential characterization comparison within the genus 
Echinicola ............................................................................................... 53 
3.3.5.2 Description of Echinicola rosea sp. nov ..................................... 54 
3.4 Conclusions ................................................................................................... 55 
Chapter 4 Conclusions, Originality, Deficiencies and Prospects .......... 
 ................................................................................................................. 56 
4.1 Conclusions ................................................................................................... 56 
4.2 Originality ..................................................................................................... 56 
4.3 Deficiencies .................................................................................................... 56 
4.4 Prospects ....................................................................................................... 57 
References ............................................................................................... 58 
Manuscripts during postgraduate study ............................................. 68 

























洋钻探计划（the International Ocean Discovery Program）349 航次 U1433 站位。




分为四大聚类。在 4.50-98.93 mbsf（更新世）、108.15-273.20 mbsf（更新世）、
296.09-709.13 mbsf（上新世和晚新世）和 732.10-789.91 mbsf（早中中新世）有
不同的细菌群落结构转变。 γ- 变形菌（ Gammaproteobacteria ）、放线菌
（Actinobacteria）和蓝细菌（Cyanobacteria）的相对丰度总体上随深度加深而一







（2）JL3085T菌株是从中国南海（16° 49′ 4″ N，112° 20′ 24″ E）采集的表层
海水中分离得到的一株拟杆菌科的菌株，本研究从形态特征、生理生化特性、















株进行了研究，研究结果表明 JL3085T（= NBRC 111782T = CGMCC 1.15407T）




















The deep biosphere harbors a vast ecosystem of bacteria, archaea, and fungi, 
with some unique biodiversity, and functions on geological time scales. Microbial 
communities usually change in response to surrounding geochemical conditions. 
However, deep biosphere studies to date almost always focused on geochemical 
control of and interactions with microbial communities. Very few studies have 
addressed the relationship between microbial composition and depth distance or 
geological age distance. Such relation construction is crucial in determining to what 
extent the current microbial distributions could reflect deposition history and 
geological times. The relationships between the microbial communities and the 
biogeochemical impact, sedimentological properties, and past geological events in 
subseafloor environments have remained poorly defined. 
(1) To evaluate the potential impact of geological processes and depositional 
history on shaping the subsurface biosphere, the bacterial community structures in a 
sediment core of the South China Sea was investigated by molecular approaches that 
target 16S rRNA gene fragments. Samples were obtained from different lithologic 
intervals at site U1433 during the International Ocean Discovery Program (IODP) 
Expedition 349. Bacterial abundance decreased rapidly with depth, with nearly three 
orders of magnitude decline within the first 100 m below seafloor (mbsf). Community 
diversity displayed a similar decreasing pattern, yet, a slight increase in diversity 
emerged in the early to middle Miocene. Such excursion might reflect enhanced cell 
activity in response to increasing temperature due to a steep geothermal gradient. 
Non-metric multidimensional scaling ordination revealed that the bacterial 
communities along the sediment core represent four clusters based on depth and 
geological time. There were distinct bacterial community shifts among clusters at 
4.50–98.93 mbsf (Pleistocene), 108.15–273.20 mbsf (Pleistocene), 296.09–709.13 
mbsf (Pliocene and late Miocene), and 732.10–789.91 mbsf (early to middle 
Miocene). Classification analysis revealed a striking pattern: the relative abundance of 
















Cyanobacteria overall consistently decreased with depth, whereas those affiliated 
with Chloroflexi, candidate division OP9, candidate phylum BHI80-139, and 
Nitrospirae increased; these findings correspond to different clusters. Total organic 
carbon content and ratio of total organic carbon: total nitrogen, along with pore water 
phosphate concentration and salinity, were the statistically most significant variables 
that explained the bacterial community cluster pattern, which indicates potential 
linkages of bacterial communities to changes in quality and quantity of buried organic 
matter over geological time scales. Geographic isolation across depth was more 
important than environmental condition and geological age for the development of 
unique community structure in marine deep biosphere, although environmental 
variables partially shaped bacterial community composition.  
(2) Strain JL3085
T
 was isolated from the surface water collected from the 
South China Sea (16° 49' 4" N, 112° 20' 24" E). Based on the results of morphological, 
physiological and biochemical characteristics, GC content, determination of fatty 
acids and quinines, and phylogenetic tree analysis, strain JL3085
T
 represents a novel 
species of the genus Echinicola, for which the name Echinicola rosea sp. nov. is 
proposed. 
 
Keywords: Bacterial community; Sediment core of the South China Sea; Geological 

















缩略词 英文全称 中文全名 
CCA Canonical correspondence analysis 非线性模型的典型对应分析 
 
mbsf Meters below seafloor 海床下多少米 
 
DNA Deoxyribonucleic acid 脱氧核糖核酸 
 
NMDS Nonmetric multidimensional scaling 非度量多维标度 
 
OTU Operational taxonomic unit 可操作分类单元 
 
TOC Total organic carbon 总有机碳含量 
 
























由此揭开了海洋沉积物调查研究的序幕。1973 年 Shepard 将深海沉积物的来源作
了系统归纳（图 1.1），他认为深海沉积物主要有 2 大来源：地球以内和地球以外




图 1.1 深海沉积物及其来源（Shepard, 1973） 


















地下环境被认为是地球上最大的生物库（Whitman et al., 1998）。海洋钻探计
划收集的海底岩芯沉积物生物量的基础估算数据显示，即使在 1000 mbsf 的深度，
微生物细胞量仍超过 105 cells mL-1（Parkes et al., 1994）。近年来，科学家利用细
胞计数法（Parkes et al., 2000）和酶联荧光原位杂交（Schippers et al., 2005）等技
术揭示了深海沉积物为大量的微生物提供了栖息地。虽然有数据显示，深海沉积
物的生物量在全球尺度上小于以前的估算值，但深海生物圈中所包含的生物量
（2.9×1029 cells）仍然占地球总生物量的绝大部分（Kallmeyer et al., 2012）。 
深海沉积物的微生物群落十分多样和复杂，研究表明甚至在 1000 mbsf 的深
度仍然存在着代谢活跃的微生物群落（Lipp et al., 2008; Roussel et al., 2008; 
Biddle et al., 2011; Pawlowski et al., 2011; Orsi et al., 2013a）。深海沉积物的微生物
类群包括古菌、细菌（Inagaki et al., 2006; Orcutt et al., 2011）、细菌内生孢子
（Lomstein et al., 2012）以及属于真核生物的原生生物和真菌（Schippers and 
Neretin, 2006; Edgcomb et al., 2011; Orsi et al., 2013a, b），同时也有研究证实深海
沉积物中存在编码衣壳蛋白的生物体（Engelhardt et al., 2011）。深海沉积物的微
生物群落结构主要受各种物理和化学参数的影响，如温度、pH、压力、盐度、
孔隙度、能量、营养和水的可利用性等，此外也可能由于沉积物孔隙水的交换而




159 mbsf 处仍可被检测到（Orsi et al., 2013a），而有代谢活性的细菌和古菌分别
在 518 mbsf（Bale et al., 1997）和 1626 mbsf（Roussel et al., 2008）处仍能被检测
到，并且这些被检测到的微生物大多不可培养（Sass and Parkes，2011）。大多数
的研究表明深海沉积物中原核生物的可培养数量小于所有显微镜检测到的细胞
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